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Description 

[METHOD OF STATE MAINTENANCE FOR 
MMC FLASH STORAGE CARD IN 
COMMUNICATION PROTOCOL] 

Background of Invention 
[ooo 1 ] Field of Invention 

[0002] The present invention relates to multi-media card (MMC). 
More particularly, the present invention relates to a 
method of state maintenance for MMC flash storage card 
in control. 

[0003] Description of Related Art 

[0004] The MultiMediaCard (MMC) is a universal low cost data 

storage and communication media. It is designed to cover 
a wide area of applications as electronic toys, organizers, 
PDAs, cameras, smart phones, digital recorders. MP3 
players, pagers, etc. Targeted features are high mobility 
and high performance at a low cost price. It might also be 
expressed in terms of low power consumption and high 


data throughput at the memory card interface. The MMC 
communication is based on an advanced 7-pin serial bus 
designed to operate in a low voltage range. The commu- 
nication protocol is defined as a part of this standard and 
referred to as MMC mode. For compatibility to existing 
controllers the cards may offer, in addition to the MMC 
mode, an alternate communication protocol, which is 
based on the serial peripheral interface (SPI) standard. The 
SPI mode includes a secondary, optional communication 
protocol, which is offered by flash-based MMCs. 
[0005] The MMC now is more and more popular in the market. 
Since the MMC mode can accept multiple cards for trans- 
ferring and receiving data, the communication protocol 
should manage multiple cards using several commands 
for different situations. FIG. 1 is a block diagram, 
schematically illustrating the MMC state diagram in data 
transfer mode. 

[0006] | n FIG. 1, the operation is basically at the interrupt mode 
or the data transfer mode. The commands are denoted in 
the square block starting with CMD. The commands 
CMD"s have been defined in the MMC standard. However, 
in order to transfer data, there several states 100-110 in- 
dicated by the elliptic blocks. Usually, it has the stand-by 


state 102, transfer state 104, sending-data state 106, re- 
ceive-data state 108, programming state 110, and dis- 
connect state 112. For the specific state, only some com- 
mands can be used, so as to allow the data to be trans- 
ferred and correctly received between the host and the 
selected one of the multiple cards. 

[0007] For example, CMD7 is used to select one card and put it 
into the transfer state 104. Only one card can be in the 
transfer state at a given time. If a previously selected card 
is in the transfer state 104, its connection with the host is 
released and it will move back to the stand-by state 102. 
When the command CMD7 is issued with the reserved rel- 
ative card address "0x0000", all cards are put back to 
stand-by state. This may be used before identifying new 
cards without resetting other already registered cards. 
Cards, which already have a relative card address (RCA), 
do not respond to identification commands (CMD1, CMD2, 
CMD3) in this state. 

[0008] All data communication in the data transfer mode is 
point-to point between the host and the selected card 
(using addressed commands). All addressed commands 
get acknowledged by a response on the CMD line. 

[0009] According to MMC 3.1 spec, the memory working voltage 


is at the range of 2.7 V - 3.6 V. However, the working 
voltage may have fluctuation and drops less than a certain 
level, such as 2.55 V. However, the host may do not know 
that the working voltage has dropped down a level, at 
which the data cannot be properly transmitted in flash 
MMC, and still keep the transmission state. For this con- 
ventional situation, operation of the system may cause a 
hand up. 

[0010] FIG. 2 is a timing diagram, schematically illustration the 
occurrence of hand up situation in the conventional oper- 
ation for transmitting data. In FIG. 2, when the host in- 
tends to write data to MMC, the host state 206 goes 
through a series of states including idle state (xlDLE), 
ready state (xReady), identification state (xlDENT), stand- 
by state (xSTBY), transfer state (xTRAN), and receiving 
data state (xRCV). During the transfer state, the command 
CMD25 is issued to write multiple block data. Then, data 
210 is transmitted. 

[001 1] However, the working voltage VCC 200 may have fluctua- 
tion, for example, occurring at the receiving state (xRCV). 
When the working voltage is less than a preset voltage 
level, such as 2.55 V. The low voltage detection (LVD) 202 
signal, corresponding to the preset voltage level, drops to 


a low level in response to the VCC 200. When the working 
voltage level rises again over the preset voltage level, the 
LVD signal goes to the high level again. When the LVD 
goes to the low level, a firmware reset signal 204 at high 
level is issued, so as to stop the write operation to the 
flash memory. When the working voltage returns back to 
the acceptable voltage range, the firmware reset signal 
204 returns to the low level and resets the firmware to the 
initial status. 

[0012] However, since the host does not known that the firmware 
has been reset, the status for the data 210 remains at the 
busy status. If the host doesn"t issue a command CMD12, 
the MMC cannot receive more data and the host cannot 
pull up the busy signal since the firmware reset 204 
doesn"t set next SRAM bank for data transfer. The card al- 
ways remains in the xRCV state. Usually, when the host 
does not receive data for a period of timeout, a command 
CMD12 is issued to change to the programming state 
PRC However, the card still cannot go back to the xTRAN 
state since the firmware has been reseted and ignores the 
CMD12. The firmware will not set PRG_OPERATION_OK. 
The busy signal still cannot be pulled up. The card stays 
at the PRG state and is always busy. 


[0013] Therefore, in the conventional operation based on MMC 

spec, voltage fluctuation may cause a hand up for the sys- 
tem. 

Summary of Invention 

[0014] The invention provides a method for controlling the data 
transfer mode for the MMC, so as to avoid a hand-up sit- 
uation due to working voltage fluctuation. 

[0015] The present invention does not use the conventional 

firmware reset signal to reset the firmware when a voltage 
fluctuation occurs. Instead, the invention uses an LVDint 
interrupt signal to replace the LVD, when a voltage fluctu- 
ation occurs. The firmware polling signal is used to poll 
the LVDint interrupt signal. When the LVDint is polled to 
be the low level and LVD signal is also at high level, a 
LVDint.Rst signal is issued to reset a register, so as to 
change the high level of the LVD interrupt signal to the 
low level. As a result, the LVD interrupt signal is reset, and 
the firmware is not reset. The host can continuously 
transfer data without hand-up. 

[0016] The present invention provides a method of state mainte- 
nance for a MMC system. The method uses a plurality of 
signals, including a working voltage signal, a low voltage 
detection (LVD) signal, an LVD interrupt signal, a firmware 


polling signal, an LVD interrupt reset signal. The LVD sig- 
nal responds to a voltage level of the working voltage at a 
preset voltage level. The LVD interrupt signal responds to 
the level of the LVD signal. When the LVD interrupt signal 
returns back or is reset to the low level state, the data can 
be continuously transmitted. 

[0017] However, since the controlling protocol of the MMC does 
not allow the LVD interrupt signal to be freely reset, the 
reset of the LVD interrupt signal is activated by using the 
firmware polling signal. When the LVD interrupt signal is- 
sues a high level state, then the firmware polling signal 
starts to poll the state of the LVD interrupt signal. After 
the LVD signal returns to the high level state, which 
means the voltage fluctuation has currently disappeared, 
and the firmware polling signal does the polling action to 
the LVD interrupt signal, then the LVD interrupt reset sig- 
nal is issued to reset the LVD interrupt signal. 

[0018] As a result, the control protocol is still satisfying the re- 
quirement in MMC protocol, and the conventional 
firmware reset is never done. The situation of hand up is 
then avoided. 

[0019] The present invention further provides a MultiMediaCard 
(MMC) controlling protocol, suitable for use together with 


a MMC protocol, wherein a low voltage detection (LVD) 
signal is used to respond a voltage state of a working 
voltage with respect to a preset voltage level. The MMC 
controlling protocol comprises an LVD interrupt signal, 
which changes from a first state to a second state when 
the LVD signal has changed from a normal state to a low- 
voltage state. A firmware polling signal, to poll the LVD 
interrupt signal when the LVD interrupt signal has 
changed from the first state to the second state. An LVD 
interrupt reset signal, which is issued after the LVD signal 
has changed from the low-voltage state back to the nor- 
mal state and the LVD interrupt signal is indeed polled by 
the firmware polling signal. The LVD interrupt reset signal 

resets the LVD interrupt signal. 
Brief Description of Drawings 

[0020] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0021] FIG. 1 is a block diagram, schematically illustrating the 
MMC state diagram in data transfer mode. 


[0022] FIG. 2 is a time diagram, schematically illustration the oc- 
currence of hand up situation in the conventional opera- 
tion for transmitting data. 

[0023] FIG. 3 is a time diagram, schematically illustration the 

control on the transmitting data to avoid the hand-up sit- 
uation, according to one preferred embodiment of this in- 
vention. 
Detailed Description 

[0024] | n the conventional control protocol, the firmware is reset 
when a voltage drop occurs down to a preset voltage level, 
which is the working voltage level for the MMC in data op- 
eration. Since the firmware has been reseted after the 
working voltage returns back to the acceptable range, the 
hand-up situation occurs. The invention introduces an al- 
ternative method to avoid the hand-up situation. The in- 
vention uses an LVDint interrupt signal to response the 
LVD, when a voltage fluctuation occurs. The firmware 
polling signal is used to poll the LVDint interrupt signal. 
When the LVDint is polled to be the low level, a LVDint_Rst 
signal is issued to reset a register, so as to change the 
high level of the LVD interrupt signal to the low level. As a 
result, the LVD interrupt signal is reset, and the firmware 
is not reset. The host can continuously transfer data with- 


out hand-up. An embodiment is provided to describe the 
features of the invention. However, the invention is not 
limited to the embodiment. 

[0025] FIG. 3 is a time diagram, schematically illustration the 

control on the transmitting data to avoid the hand-up sit- 
uation, according to one preferred embodiment of this in- 
vention. In FIG. 3, the invention provides the MMC control 
protocol, which can be implemented into the standard 
MMC protocol, such as the MMC 3.1 spec, without violate 
the general operation in control the data transaction. For 
descriptions, the signals 206 and 300- 312 have been in- 
volved. Here, signals, as can be understood, are used to 
generally refer to the status in MMC operation, including 
for example the voltage state signal, control state, com- 
mand, or data. The signal can be just an operation state, 
held by a register. In other words, the variables shown in 
the time diagram of FIG. 3 are generally called the signals 
through the whole specification and claims. 

[0026] The MMC has its acceptable range of the working voltage. 
For a flash-based MMC system, the preferred working 
voltage is 3.3 V with an acceptable voltage range of, for 
example, between 2.7 V and 3.6 V. However, the working 
voltage may have fluctuation and drop less than (or equal 


to) a certain critical level. In FIG. 3, the working voltage 
signal 300 is indicated as VCC, which is at 3.3 V. 

[0027] The host state signal 206 starts from the idle state xlDLE 
to the receiving state xRCV. The command CMD 25 at the 
host write-data command signal 310 is issued during the 
transfer state xTRAN. Then, data at the DATA signal 312 
is transferred and received to write into MMC. 

[0028] However, a voltage fluctuation occurs at, for example, the 
xRCV state. For example, the low voltage less than or 
equal to 2.55 V has been detected, and the LVD signal 
302 is changed from a first state to a second state, such 
as from a high level state (1-state) to a low level state 
(0-state). Then, according to the invention, an LVD inter- 
rupt signal 304, LVDint, is issued. This means that the 
LVDint signal 304 changes from the normal state (i.e. 
0-state) to an active state (i.e. 1-state). 

[0029] Then, simultaneously, the LVD interrupt signal 304 is 

polled to know that the LVD interrupt signal 304 still re- 
mains at the high state. This polling action can be done by 
using a firmware polling signal 306 to poll the LVD inter- 
rupt signal 304. As previous mention, the LVD interrupt 
signal 304 can be, for example, a binary state held by a 
register or any equivalent manner to indicate the current 


state. Once the LVDint signal 304 is issued, the data 
transaction is temporarily stop due to low voltage. 
[0030] when the working voltage signal 300 returns to the ac- 
ceptable range, the LVD signal 302 then returns to the 
original normal state as the high state. In general, when 
the LVD signal 302 return to the normal state, the LVD in- 
terrupt signal 304 can be reset. However, according to the 
MMC spec, the interrupt signal should be conditionally re- 
set. The MMC spec requires that the LVD interrupt signal 
304 is polled. Here, if the LVD interrupt signal 304 is, for 
example, provided by a register, then the value held in the 
bit register is polled. The register preferably is a bit regis- 
ter. 

[0031] | n order to comply the MMC spec, the LVD interrupt signal 
304 is reset when the LVD signal 302 is high and the LVD 
interrupt signal 304 is still polled. Then, for example, a 
LVD reset signal, LVDint.Rst 308 is issued to reset the 
LVD interrupt signal 304. If the LVD interrupt signal 304 
is, for example, provided by a register, the value held by 
the register is reset. 

[0032] After the LVD interrupt signal 304 is reset, which means 
that the state is changed form high to low, the data trans- 
action can be continuously performed without hand-up 


even if a voltage drop occurs. This is because the 
firmware is not reset. In conventional situation (see FIG. 
2), the firmware reset signal 204 is used to reset the 
firmware, causing a hand-up situation. 

[0033] The present invention has used the LVD interrupt signal 

304 instead of the conventional firmware reset signal 204. 
As a result, the firmware is not reset when a low voltage 
occurs. The hand-up situation at the host is avoided. In 
order to reset the LVD interrupt signal 304, a firmware 
polling signal 306 is issued to poll the LVD interrupt sig- 
nal 304. After the LVD signal 302 returns to the normal 
state, and the LVD interrupt signal has indeed been polled 
by the firmware polling signal 306, the LVD reset signal 
308 is issued to reset the LVD interrupt signal by. For ex- 
ample, resetting the register that holds the state of the 
LVD interrupt signal 304. The modified control protocol of 
the invention can be implemented into the standard MMC. 

[0034] | t w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention covers modifications 
and variations of this invention provided they fall within 


the scope of the following claims and their equivalents. 


